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Abstract 
The purpose of this project was the synthesis of 
bis-acenaphth[l,2-~]acenaphthene. The synthetic route 
attempted was the preparation of 1,8-naphthalylnaphthalene 
by reacting 1,8-dilithionaphthalene with acenaphthene- 
quinone followed by oxidation with lead tetracetate and 
treatment of the diketone with 1,8-dilithionaphthalene to 
give the product. In the course of this work several ace- 
naphthyl:acenaphthylene .compounds were prepared which led 
to other attempted routes to the product. Reaction of 1- 
lithionaphthalene with 6b,12b-dibromo-6b,12b-dihydroacenaphth- 
fl,2-~]acenaphthylene gave acenaphth[l,2-~]acenaphthylene. 
Finally, ~~naphthylrnagnesium bromide was reacted with 1,8- 
naphthalylnaphthalene to give a mixture of reaction products 
as shown by thin layer chromatography, from which a single 
t.=e~uf!!t ~~~ /bf!#t!)lntGd by column el1rema.togra.phy. Th1~ ii;; 
currently undar investigation for identification. 
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Introduction 
From studying the molecular models of bis-acenaphth- 
[1,2-~]acenaphthene (I) its synthesis would be of special 
interest because the internuclear distance between the bridge- 
0 
head carbons might be expected to be approximately 2.4 A. If 
a bond were formed between these two carbons, it would be an 
unusually long bond compared to a normal carbon-carbon sigma 
0 
bond of 1.54 A. 
(6~ 
~c-c 
00 
I 
In a previous study of 1,8-naphthalylnaphthalene (II) by 
Agosta,1 the diketone as depicted in III was prepared. He 
indicates that molecular models predict this rigid conforma- 
0 
II o 
~~ 
II III 
tion which is free of distorted bond angles. Conrotation or 
disrotation of the carbonyl groups about the carbon-carbon 
single bondsis inhibited due to the considerable strain that 
would be introduced. This strain prohibits a planar structure 
2 
and in models prevents inversion of the molecule. The com- 
pound exists as a single conformer with the carbonyl groups 
0 
held approximately 2.5 A apart rather than as an equilibrium 
between the two rotatory conformers. 
If there is a bond between the bridgehead carbons as in IV, 
w 
HO-C-C-OH 
M 
IV 
the compound is again in a non-planar structure. Letsinger2 
shows this structure as V implying that the carbon-carbon 
0 
bond length is shorter than the 2.4 A distance between the 1- 
and 8-positions of the naphthalene ring. Hydrocarbon VI is 
also shown with a shorter carbon-carbon bond. However, no 
v VI 
evidence is given to support these shorter central carbon- 
carbon bonds. Indeed, the purple color of VI suggests that 
the double bond may be larger than usual so that the energy 
difference between the 'T( and 11* orbitals is less, allowing for 
some visible absorption. The cis isomer of IV was shown to 
3 
be the predominant one since IV was produced by oxidation of 
VI with osmium tetroxide, a reagent well established to add 
cis to double bonds. 
The length of the central bond in bis-acenaphth[l,2-a]- 
acenaphthene and the ease of .formation of the compound would 
depend to some extent on the hybridization of the bridgehead 
carbon atoms. If the hybridization were sp3, considerable 
strain would be introduced in the molecule since the three 
naphthalene rings would not readily allow conforming of the 
benzyl type carbons to the favored tetrahedral structure with- 
out roughly 15 degrees inward strain. The fourth sp3 orbi- 
tals would be directed along the internuclear axis for overlap 
between the two benzyl carbons to form the central bond. The 
strain produced would tend to flatten the tetrahedral struc- 
ture more toward typical sp2 geometry of the benzyl carbons 
0 
causing a longer bond closer to the 2.4 A distance between 
the 1- and 8-positions of a given ring. The overlap would 
be minimal producing a very weak bond. If the hybridization 
were sp2, this would allow strain-free arrangement of the 
naphthalene rings, the bond angles between the sp2 orbitals 
being 120 degrees. The two remaining p-orbitals would again 
be directed along the internuclear axis. The overlap of 
these orbitals would produce the central bond, but its forma- 
tion would draw the two carbons closer together introducing 
strain and distorting the planar sp2 orbitals. The result 
4 
would be the same as that predicted above with sp3 hybridiza- 
tion. The molecule, then, would have a weak central bond 
0 
with a length somewhat less than 2.4 A. 
It would be interesting to study the electron spin reso- 
nance (esr) spectrum of the radical anion of bis-acenaphth- 
[1,2-a]acenaphthene to determine if the odd electron would 
transfer between the naphthalene rings. Previous esr work on 
the paracyclophanes3 has shown that very rapid electron trans- 
fer between the aromatic rings occurs in the radical anions 
of [2.2]paracyclophane and [3.3]paracyclophane, but not in 
the radical anion of [4.4]paracyclophane. In the [2.2]para- 
cyclophane and [3.3]paracyclophane anions, the transfer 
occurs as a result of interaction of the two aromatic rings 
caused by the structure requirements of the molecules. How- 
ever, in the [4.4]paracyclophane anion where the rings are 
more separated and can arrange themselves in a non-parallel 
fashion, the transfer does not occur. The same work also 
showed that this same electron transfer occurs in the radical 
anion of diphenylmethane where only one carbon atom separates 
the rings. The question then arises as to whether this phenom- 
enon will occur in the radical anion of bis-acenaphth[l,2-a]- 
acenaphthene where there can be interaction of the naphthalene 
rings and where again there is only one carbon atom separat- 
ing the rings. In the latter case, however, even if the bridge- 
head bond were replaced by a hydrogen on each carbon, there 
would be no configuration of the latter to allow hyperconjugation. 
5 
Historical 
Synthesis of bis-acenaphth[l,2-~]acenaphthene has not 
been reported in the literature, but compounds in the synthetic 
route attempted in this work have been synthesized. The 1,8- 
dihalonaphthalenes have been prepared in the past by various 
routes, the first of which was the preparation of 1,8-dibromo- 
naphthalene by Mendola and Streatfeild4 in 1893. The method 
involved the following sequence: 
Zn dust 
EtOH 
The yield of 1,8-dibromonaphthalene was very low and much 
difficulty was encountered in the synthesis due to resin 
formation. 
Another more successful approach was that of Fieser and 
Seligman5 using two sequential diazotizations of 1,8-diamino- 
naphthalene: 
NaN02 
HCl 
Br Br 
00 
6 
ci e 
The first diazotization produces an intermediate azimide which 
can be isolated as a halo salt. The yields of (bromo-iodo)- 
and dibromonaphthalene were 68% and 57% respectively. Hodgson 
and Whitehurst6synthesized the dichloro-, dibromo-, and diiodo- 
naphthalenes by tetrazotization of 1,8-diaminonaphthalene in 
yields varying from 12 to 14%. 
Letsinger, Gilpin, and Vullo7 attempted the tetrazotiza- 
tion with little success. However, conversion of naphthalic 
anhydride to 8-bromo-1-naphthoic acid by the method of Rule 
and Purse118 and subsequent treatment with silver nitrate and 
bromine resulted in a 45% yield of 1,8-dibromonaphthalene. 
This was then treated with n-butyllithium in ether to give 
1,8-dilithionaphthalene from which several acenaphthylace- 
naphthylene compounds were prepared as reported in a subsequent 
2 paper. To produce the acenaphthylacenaphthylene compounds, 
1,8-dilithionaphthalene was first reacted with acenaphthene- 
quinone to give cis-6b,12b-dihydroxy-6b,12b-dihydroacenaphth- 
Il,2-~]acenaphthylene (V). 
7 
Li Li 
@IQ)+ 
0 0 
~ I! c-c 
00 
v 
Other acenaphthylacenaphthylene compounds were prepared by 
the following reactions: 
V + Pb(OAc)4 
w 
o==c c==o 
©@ 
II 
Cu V + HF ---->.. 
VI VII 
Investigation of the diketone (III) by Agosta9 resulted in 
the synthesis of other acenaphthylacenaphthylene compounds. 
0 
III+ HCl HOAc ) 
VIII 
III+ NaBH4 
*ethylene glycol 
8 
0 
DJ\tTF ) 
x VI 
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Discussion 
The original proposal for this project was the following 
synthetic route: 
n-BuLi) 
Li Li 
©.§J 
Li Li 
00 @§] (§:@ o:=t b=o<Pb(OAc)4 HO MOH Cu,HF I I 
(§@ 00 
I III v 
It was decided to prepare the 1,8-dibromonaphthalene by the 
double diazotization method of Fieser and Seligman5 and then 
continue the synthetic route to the diketone according to 
Letsinger and Gilpin.2 
The double diazotization of 1,8-diaminonaphthalene was 
attempted by first reacting the diamine with enough nitrous 
acid to diazotize only one amine group. This resulted in an 
81% yield of the azimide. Bromination of the diazonium 
bromide presented a problem because of the low yields report- 
ed in the literature. Theoretically cuprous bromide should 
add to the aromatic nucleus with the liberation of nitrogen 
10 
gas. Fieser and Seligman found that small amounts of copper 
oxides produced from heat treatment of copper metal gave higher 
yields of bromo-aminonaphthalene. Therefore, copper metal, 
cuprous oxide, and cupric oxide were added to the hydrobromic 
acid in the same proportions as that used by Goerich10 in the 
preparation of l-bromo-8-iodonaphthalene. This resulted in a 
low yield of bromo-aminonaphthalene (18%) perhaps due to in- 
adequate proportions of the copper compounds. 
In the second diazotization and bromination it was decid- 
ed to perform both steps sequentially without isolation of the 
intermediate diazonium bromide. It was hoped that this would 
aliminA~@ th§ pomsibility of decomposition of the 5omewhat 
unstable diazonium bromide.11 Aromatic diazonium ions show 
reasonable stability when isolated in combination with anions 
of low nucleophilic power such as Cl and BF4-. These low 
nucleophilic anions were not used in the diazotization to avoid 
their substitution on the aromatic nucleus during the subse- 
quent bromination. In spite of these precautions, the yield 
of dibromonaphthalene was the same as in the first bromination. 
The product was conveniently purified by column chromatography, 
reasoning that any impurities with active hydrogens would be 
retained on the column. A subsequent recrystallization from 
ethanol resulted in sufficiently pure dibromonaphthalene to 
continue the synthetic scheme. However, other methods to pre- 
pare dibromonaphthalene in higher yields were tried. 
11 
Silver salts of carboxylic acids react with bromine to 
form aryl or alkyl halides with the liberation of carbon 
dioxide. 
12 This is the well known Hunsdiecker reaction. By 
reacting silver oxide with 1,8-naphthalic anhydride, it was 
hoped that the disilver salt would result. Addition of bromine 
to this would eliminate carbon dioxide to produce dibromo- 
naphthalene. The two reactants were heated in a flask with 
stirring to 200°C. The mixture was cooled to room tempera- 
ture, carbon tetrachloride added as solvent, and a solution 
of bromine in carbon tetrachloride added dropwise. After 
refluxing for two hours, the only product recovered was the 
starting material, 1,8-naphthalic anhydride, as determined by 
infrared spectroscopy. The reaction was tried again using 
mercuric oxide instead of silver oxide with the same result. 
Since the yield of diol V reported by Letsinger2 was 
low, some difficulty was expected in preparing a sufficient 
quantity of pure material. 
13 It has been reported that treat- 
ment of 1-bromonaphthalene with n-butyllithium gives a 95% 
yield of 1-lithionaphthalene. The reaction involves an equi- 
librium where the lithium will bond with the more stable anionic 
base. Since the naphthyl anion is a weaker base than the 
butyl one, the exchange is favored. Using 1,8-dibromo- 
naphthalene and an excess of n-butyllithium Letsinger reports 
an 85% conversion to 1,8-dilithionaphthalene. 
The first attempt to make the diol was done with a large 
excess of n-butyllithium to promote complete conversion to 
12 
dilithionaphthalene. Since the n-butyllithium was purchased 
as a solution in hexane, this solvent was used in the reac- 
tion. The dilithionaphthalene formed readily producing a 
cloudy mixture. Addition of the solid acenaphthenequinone 
presented a problem due to a heterogeneous reaction mixture. 
Attempts to dissolve acenaphthenequinone in a solvent for 
addition as a solution failed. Therefore, a small amount 
of ether was added to the dilithionaphthalene to promote 
mutual solubility, and the acenaphthenequinone was added as 
a solid. After refluxing a brown solid was isolated whose 
infrared spectrum showed similarities to that reported by 
Letsinger: large OH- absorption at 3.0lf and naphthalene 
substitution pattern at 12.06 and 12.82p. However, there was 
a large absorption at 3.43p attributed to aliphatic C-H 
stretching. With the use of the large excess of n-butyllithium, 
substitution of the butyl group appeared to occur either by 
directly replacing the lithium on the naphthalene ring or 
on the bridgehead carbons if the acenaphthacenaphthyl com- 
pound was formed. Since the infrared spectrum showed a large 
hydroxyl, no carbonyl, and the same substitution pattern as 
the desired product, the most likely product was the one with 
butyl substitution at the bridgehead carbons. 
At this point in the work it was decided to look for 
other methods of preparing diketone III. It is well known 
that when acetic anhydride and calcium oxide are reacted,14 
acetone is the product with the elimination of calcium carBonate. 
13 
It was reasoned that the same reaction would occur with 1,8- 
naphthalic anhydride and calcium oxide to yield the diketone: 
~\ .o 
@¥~ 
III 
It was hoped that the reactants could be heated to 350-400°C, 
and the product sublimed from the reaction mixture. The 
first attempt was carried out in a flask using 1,8-naphthalic 
anhydride and hydrated calcium oxide (Ca(OH)2). As the well- 
stirred mixture was heated, a pale yellow solid began to sub- 
lime near the top of the flask. After heating to 280°C the 
sublimed product was collected, and an infrared spectrum show- 
edit to be the starting material. Since some difficulty was 
encountered in stirring the reactants in a flask at high 
temperature, subsequent reactions were done in a muffle fur- 
nace at 400°C. Although the reactants could not be stirred, 
any evidence of a reaction taking place could be pursued under 
better controlled conditions. With equivalent amounts of 1,8- 
naphthalic anhydride and hydrated calcium oxide, only the 
starting material was recovered from the mixture. Since 
14 
there was no apparent reaction, lack of homogeneity may have 
possibly been responsible. In the next two attempts calcium 
oxide alone and calcium oxide with ferric oxide as catalyst 
were heated with 1,8-naphthalic anhydride in the muffle fur- 
nace. Again, there was no reaction. No further work was done 
with 1,8-naphthalic anhydride, and the dilithionaphthalene- 
acenaphthenequinone reaction was tried again. 
The infrared spectrum of the first attempt to make the 
diol indicted that the two naphthalene rings had coupled but 
that the large excess of n-butyllithium had caused butyl 
substitution. In the next attempt only a 10% excess of 
n-butyllithium was used, and the reaction was carried out in 
an identical manner. However, l-bromo-8-iodonaphthalene was 
used in place of 1,8-dibromonaphthalene. Most of the dibromo- 
naphthalene had been used in the previous reaction, and it 
was felt that the bromo-iodonaphthalene would undergo the 
lithium exchange just as readily. The bromo-iodonaphthalene 
was prepared in previous work10 done under Dr. Martin's 
direction. A yield of 10% diol compared favorably with that 
obtained by Letsinger (14%). The low yield was a result of 
incompatibility of the reactants and the formation of poly- 
meric products. When the diol was recrystallized, the acetone 
solution that remained was taken to dryness, and the residue 
analyzed by gel permeation chromatography. The resulting 
chromatogram showed one broad peak indicating polymeric material. 
15 
The nuclear magnetic resonance (nmr) spectrum of the dial 
show©d a singl0t at 6.23 ppm gtt~ibyte0 to tA~ nyd~oxyl 
hydrogens and a complex at 7.47-8.10 ppm attributed to the 
aromatic hydrogens. From the integration the ratio of 
aromatic hydrogens to hydroxyl hydrogens was calculated to 
be 12:1.9 which compares favorably to the theoretical ratio 
of 12:2. The nmr spectrum also showed a peak at 2.09 ppm 
which was difficult to explain at first. However, it was 
later learned that this peak was not produced by the com- 
pound but was the result of contamination of the sample with 
acetone during preparation for analysis. The mass spectrum 
of the dial showed a large parent peak at 310 m/e which was 
the largest m/e value recorded. No attempt was made to 
analyze all the peaks of the spectrum, but the larger peaks 
could be correlated with the expected fragmentation pattern 
of the molecule. There were peaks at 292, 276, 155, 138, 
+ + + and 126 m/e corresponding to c22H120, C22H12 , C11H7o, 
C11H6+, and c10H6+, respectively. 
The oxidation of the diol to the diketone went smoothly 
using lead tetraacetate as the oxidizing agent and giving a 
79% yield. The mass spectrum showed the parent peak to be 
308 m/e. Two smaller peaks appeared in the spectrum at high- 
er m/e values than the parent peak: 324 and 352 m/e. The 
peak at 324 m/e (1/5 of the principle peak) along with smaller 
peaks at 325 m/e (1/17 of the principle peak) and 326 m/e 
(1/19 of the principle peak) undoubtedly resulted from 
16 
hydration of the diketone to hydrate VIII. The very small 
peak at 352 m/e (1/33 of the principle peak) probably result- 
ed from impurities in the sample. 
The next step in the original route called for the 
reaction of the diketone with dilithionaphthalene to give 
bis-acenaphth[l,2-a]acenaphthene. From the structure of the 
diketone described in the introduction, this reaction would 
require a backside attack by the dilithionaphthalene, and 
then an inversion of the molecule to give the product: 
Li Li 
f I 
+ ©@ 
/ 
The probability of this occuring is low since strain would 
be introduced in the intermediary planar structure. There- 
fore, a new synthetic route was proposed that would eliminate 
17 
% ~clW1 KOH 
III VI 
lol\nl 0 
HBr > "(T 
H-C--C-Br 
I \ 
00 
Li 
©:@ 
XI 
( hy 
I XII 
The preparation of acenaphth[l12-~]acenaphthylene(VI) would 
present no problem since it had been prepared from the dike- 
tone in 76% yield by Agosta.9 If the previously unreported 
6b-bromo-6b112b-dihydroacenaphth[l12-a]acenaphthylene(XI) 
could be prepared, the reaction of this with the monolithio- 
naphthalene might produce compound XII despite SN2 expectations. 
Side reaction Wurtz couplings might possibly be minimized 
by a slow addition of the lithionaphthalene. In the irradia- 
tion of compound XII it would be hoped that the major 
reaction would be the desired one since the distance between 
the bridgehead carbons is governed by that between the 1- 
and 8-positions of other naphthalene·rings. It is possible that 
18 
if the added naphthalene ring were twisted, coupling could 
occur between its eight position and a beta position of one 
of the other rings. 
The olefin VI was prepared by the method of Agosta. 
Little difficulty was encountered in getting the same 76% 
yield. It is interesting to note the mechanism proposed by 
Agosta for this reaction. 
III 
O OH 
~~~ 
I H 
H2N 
XIII xv 
XVI 
OH 
XIV 
VI 
Hydrazine adds to the diketone as other nucleophiles to give 
XIII which can be isolated. The transformation from XIII to 
XIV is through the ketomonohydrazone XV as a result of oxygen 
bridge cleavage and loss of water from XIII. A prototropic 
shift with concomitant bridging produces XVI which rapidly 
looses nitrogen to give alcohol XIV which can be isolated 
if the temperature does not exceed 150°C. Dehydration of 
19 
XIV occurs readily at high temperature with or without the 
presence of potassium hydroxide. 
The ease with which bromine adds to olefin vr2 suggest- 
ed hvdrobromination of the olefin with hydrobromic acid would 
proceed without difficulty. Addition of deuterium bromide to 
15 acenaphthylene results in the cis addition product. The 
initial attack is by the hydrogen ion to produce an inter- 
mediate carbonium ion, and then addition by the bromide ion. 
The reaction was first attempted by adding concentrated 
hydrobromic acid to the olefin in glacial acetic acid. The 
mixture was heated to 50°C, but no reaction occurred as in- 
dicated by the persistent wine red color of the olefin. 
Since the olefin was not dissolved in the acid mixture, a 
small amount of benzene was added to effect a homogeneous 
solution. This mixture was again heated to 50°C and held at 
this temperature for twelve hours. At the end of this time 
the mixture had the same wine red color again indicating no 
reaction. This was a surprising result, since attack by the 
hydrogen ion would not be hindered by the beta hydrogens of 
the naphthalene rings in the formation of the intermediate 
carbonium ion. Indeed, the carbonium ion should be stabiliz- 
ed by the naphthalene rings. The planarity of this ion 
should then allow easy addition of the bromide ion. This 
result is even more surprising since bromine adds rapidly to 
the olefin to give the dibromo derivative. If the mechanism 
20 
of this addition is via a bromonium ion intermediate, the 
subsequent trans attack by the bromide ion would be hinder- 
ed by the naphthalene rings preventing the expected trans 
addition. 
Since the above reaction failed, it was decided to pre- 
pare the dibromo derivative and then couple it with 1- 
lithionaphthalene to produce l-bromo-2-((f-naphthyl)acenaphth- 
[1,2-~]acenaphthylene (XV). 
Br 
Li 
@@ > + 
xv 
The previous reaction mixture was washed to remove the acids, 
and a solution of bromine in benzene was added dropwise. The 
color of the solution changed rapidly from purple to yellow. 
The resulting product had similar properties to that report- 
ed by Letsinger. 
A solution of 1-lithionaphthalene in hexane was prepar- 
ed by adding n-butyllithium to 1-bromonaphthalene. This was 
then added to a hexane solution of the dibrorno compound. 
Over the course of twelve hours the color slowly changed 
from light yellow to pink indicating that a reaction had 
occurred. The solvent was evaporated, and the solid product 
21 
was chromatographed on silica gel. The colored fractions 
were collected, and evaporation of the solvent produced a 
purple solid. Infrared and ultraviolet spectra identified 
this to be acenaphth[l,2-~]acenaphthylene. This was not a 
surprising result since Letsinger 2 had made this olefin by 
heating the dibromide with aqueous sodium hydroxide. Appar- 
ently, bases such as the hydroxide or naphthyl anion are 
strong enough to break the carbon-bromine bonds, thus form- 
ing a carbon-carbon double bond. 
Since Agosta showed that nucleophiles can attack 1,8- 
naphthalylnaphthalene (III) to form compounds like XIII, it 
was reasoned that a third naphthalene ring might be able to 
be bonded to the bridgehead carbons of the diketone by way 
of a Grignard reaction. If a-naphthylmagnesium bromide and 
the diketone were reacted, attack of the Grignard on the 
carbonyl might cause the oxygen bridge to form with the 
naphthalene ring bonding to one bridgehead carbon. The 
reaction was performed, but due to lack of time insufficient 
data was obtained to characterize the product which was 
separated. However, an infrared spectrum of the product 
indicated the presence of a hydroxyl group and a carbonyl 
group which is, perhaps, due to unreacted starting material. 
This possibility is reduced by the fact that the diketone 
is insoluble in ether which was used to isolate the product. 
Indeed, column chromatography should have separated the 
22 
diketone from the product. If the carbonyl absorption is 
not due to the unreacted diketone, how is its presence along 
with an hydroxyl absorption explained? A possible explana- 
tion is that the Grignard might attack one of the bridgehead 
carbons between the carbonyl groups . This would prevent 
. oxygen bridging and would produce the ketoalcohol (XVI) 
rather than the oxygen-bridged compound (XVII). 
XVI XVII 
Further work on the characterization is being undertaken at 
this time. 
23 
Experimental 
Preparation of l-Amino-8-bromonaphthalene. -- To a solution 
of 241 g of concentrated hydrobromic acid in 1450 ml of 
water was added 22.8 g of 1,8-diaminonaphthalene. The mix- 
ture was heated to 70-80°C for twenty-five minutes, allowed 
to cool to room temperature, and then cooled to 0°C with a 
dry ice-acetone bath. The solution was maintained at 0 to 
-5°C, and 10.0 g of sodium nitrite in 260 ml of water was 
added over a period of forty-five minutes. During the 
addition the mixture was frothy and formed a purple sludge. 
The mixture was blanketed with nitrogen and placed in a cold 
storage room at 5°C to react overnight. The mixture was 
filtered and allowed to air dry. The yield of crude azimide 
was 29.3 g. To 150 ml of concentrated hydrobromic acid were 
added 4.8 g of copper, 1.05 g of cupric oxide, and 0.6 g of 
cuprous oxide. The mixture was heated to 90°C, and the 
solids dissolved to give a purple solution. The solution 
was cooled to room temperature, and the azimide was added 
over a period of fifteen minutes. The mixture was boiled 
for thirty minutes, cooled to room temperature, and neutral- 
ized with 138 ml of 50% sodium hydroxide. During the addition 
of the sodium hydroxide, the color changed from purple to 
yellowish-green. The aqueous solution was extracted with 
three 200 ml portions of ether, filtered, and dried over 
anhydrous sodium sulfate. Evaporation of the solvent yield- 
ed 4.68 g (18%) of red l-amino-8-bromonaphthalene, m.p. 
24 
. 5 7 9- 8 2 ° C ( l 1 t . m. p . 8 7 - 8 8 ° C) ; i r (KB r) 2 . 9 3 , 6 . 4 3 , 11. O O r 
12.43, and 13.35p. 
Anal. Calcd. for c10e8BrN: C, 54.1: H, 3.63' N, 6.31. 
Found: C, 55.7; H, 3.61; N, 6.07. 
Preparation of 1,8-Dibromonaphthalene. - To a solution of 
30 g of concentrated hydrobromic acid in 30 ml of water was 
added 4.0 g of l-amino-8-bromonaphthalene. The solution was 
cooled to 0°C, and 1.24 g of sodium nitrite in 5.0 ml of 
water was added over a period of ten minutes with the tempera- 
ture maintained at 0 to -5°C. The mixture was placed in a 
cold storage room for six hours during which time a yellow- 
ish-brown solid precipitated. To 11.0 g of concentrated 
hydrobromic acid were added 0.57 g of copper, 0.71 g of 
cupric oxide, and 1.28 g of cuprous oxide. This mixture was 
heated until the solids dissolved giving a purple solution. 
Both solutions were cooled to 0°C, mixed together, and allow- 
ed to come to room temperature. The mixture was heated to 
90°C and held at this temperature for thirty minutes during 
which time a black solid precipitated. The mixture was fil- 
tered to yield 4.11 g, m.p. 70-75°C. The crude dibromo com- 
pound was chromatographed on alumina using hexane as eluent 
and recrystallized from ethanol to yield 0.95 g (18%) of 
brown 1,8-dibromonaphthalene, m i p . 100-102°C (lit. 
2 
m.p. 
106-l08°C); ir (KBr) 6.50, 7.40, 8.45, 8.77, 11.78, 12.37, 
and 13.40p [lit. 2 ir (KBr) 6.50, 7.40, 8.40, 8.74, 11.75, 
25 
12.33, and 13.33p]. 
Anal. Calcd. for c10H6Br2: C, 42.0; H, 2.11. Found: 
C, 42.7; H, 1.97. 
Preparation of cis-6b,12b-Dihydroxy-6b,12b-dihydroacenaphth- 
[1,2-a]acenaphthylene. - To a solution of 8.33 g of 1-bromo- 
~- - ---- ------ 
8-iodonaphthalene in 250 ml of hexane was added dropwise with 
stirring 34.4 ml of n-butyllithium in hexane (0.51 molar). 
The mixture was stirred for one hour and thirty minutes dur- 
ing which time it turned a cloudy yellow. With continued 
stirring, 4.55 g of acenaphthenequinone was added in small 
portions. After the purple solution had refluxed for three 
hours, it was hydrolyzed with 175 ml of saturated ammonium 
chloride solution. A yellowish-green solid precipitated. 
The crude diol was filtered and allowed to dry at room temp- 
erature. It was dissolved in acetone, decolorized with 
norite, and after one recrystallization from acetone, afford- 
ed 0.79 g (10%) of tan diol, m.p. 296-305°C (lit. 2 m.p. 
319-321°C); ir (KBr) 3.03, 9.09, 12.00, and 12.83p [lit. 2 ir 
(KBr) 3.12, 9.10, 12.03, and 12.80yJ; mol wt (mass spectrum) 
310. 
Anal. Calcd. for c22H o2: C, 85.l; H, 4.55. Found: 
l:i 
C, 83.5; H, 5.24. 
Preparation of 1,8-Naphthalylnaphthalene. - A mixture of 0.155 g 
of the diol and 0.227 g of lead tetraacetate in 15 ml of dry 
benzene was allowed to react at room temperature for two 
hours. The brown benzene solution was warmed on a hot plate 
26 
... for fifteen minutes and then washed with 25 ml of dilute 
hydrochloric acid, 25 ml of dilute sodium hydroxide, and 
25 ml of water, respectively. Evaporation of the solvent 
afforded 0.122 g (79%) of light yellow diketone, m.p. 312- 
3160C (lit.2 m.p. 333-334°C); ir (KBr) 5.94, 7.77, 9.56, 
11.92, and 12.87p [lit. 2 ir (KBr) 5.92, 7.77, 9.52, 11.90, 
and 12.82p]; mol wt (mass spectrum) 308. 
Anal. Calcd. for c22tt12o2: C, 85.7; H, 3.92. Found: 
C, 84.7; H, 3.90. 
Preparation of Acenaphth[l,2-a]acenaphthylene. - A mixture 
of 0.1003 g of the diketone, 1.0 ml of 95% hydrazine, and 
2.5 ml of 10% sodium hydroxide was heated in 5.0 ml of 
ethylene glycol to 120°C and held until all the water had 
distilled off. The brown solution was flushed with nitrogen 
and then heated to reflux under nitrogen. The solution was 
held at reflux, 170-175°C, for one hour and thirty minutes 
during which time a purple solid precipitated. The mixture 
was cooled to room temperature, diluted with 25 ml of water, 
and the purple product was extracted with three 25 ml por- 
tions of benzene. The benzene solution was washed with 
25 ml of dilute hydrochloric acid and then with 25 ml of 
water and dried over anhydrous sodium sulfate. The solvent 
was evaporated, and the crude product was recrystallized 
from cyclohexane to qive 0.683 g (76%) of 
9 ) . m.p. 255-265°C (lit. m.p. 284-286°C; ir 
6.95, 7.05, 8.34, 12.16, and 13.02p [lit.9 
purple olefin, 
(KB r) 6 . 81, 6 • 91, 
ir (KBr) 6. 80, 
27 
" 6.91, 7.051 8.32, 12.16, and 13.06p]. 
A.ttempted Preparation of ?b-Bromo-6b, 12b--dihydroacenaphth- 
J}r 2:.:_a] a~e~gp~~l;.Y.1~?~ • - To a solution of 2 ml of glacial 
acetic acid and 0.35 ml of concentrated hydrobromic acid was 
added 0.0683 g of acenaphth[l,2-~]acenaphthylene. The mix- 
ture was heated to reflux and held at reflux for ten minutes 
during which time no change was observed in the purple solid. 
The mixture was cooled and 10 ml of benzene was added. The 
solid dissolved,and the homogeneous solution was again heat- 
ed to reflux and held there for ten minutes. No color change 
was observed. The mixture was cooled to 50°C and held at 
this temperature for twelve hours. At the end of this time 
no color change was observed, and the attempted reaction was 
discontinued. 
Prepa;ation of 6b,12b-Dib~omo-6b,12b-dihydroacenaphth[l,2-a]- 
acenaphthylen~. - The mixture from the above experiment was 
washed with three 25 ml portions of water; the last wash hav- 
ing a pH of 7. To the purple benzene solution was added 
dropwise 0.35 ml of a 5% (by volume) solution of bromine in 
benzene. The color changed from purple to dark yellow. The 
mixture was washed with 25 ml of 5% sodium bisulfite solution, 
and the color changed from dark yellow to pale yellow. It 
was then washed with two 25 ml portions of water. Evapora- 
tion of the solvent afforded 0.680 g (63%) of light brown 
dibromide. In a melting point capilliary a sample turned 
purple at 180-185°C and melted at 252-260°C (lit. 
2 
on a 
28 
.. melting point block, a sample turned purple at 210-220°C 
and melted at 248-255°C); ir (KBr) 6.29, 6.71, 7.39, 11.95, 
12.33, 12.47, and 12.soy. 
Attempted Preparation_of l-Bromo-2-(ct-naphthyl)acenaphth- 
J_l,2-a]acenaphthylene. - To a solution of 1.0 g of 1-bromo- 
naphthalene in 10 ml of hexane was added dropwise with 
stirring 3.02 ml of n-butyllithium in hexane (0.51 molar). 
The mixture was stirred for one hour during which time it 
turned cloudy yellow. To a solution of 0.060 g of 6b,12b- 
dibromo-6b,12b-dihydroacenaphth[l,2-~]acenaphthylene in 
50 ml of hexane was added 0.39 ml of the 1-lithionaphthalene 
solution. This mixture was allowed to react at room temp- 
erature for twelve hours during which time it turned pink. 
Evaporation of the solvent afforded 0.132 g of a dark red 
solid which was chromatographed on silica gel using chloro- 
form as eluent. The colored fractions were collected, and 
evaporation of the chloroform yielded 0.0264 g (70%) of 
purple solid, m.p. 266-270°C. The product was identified 
as acenaphth[l,2-~]acenaphthylene by comparison of its 
infrared and ultraviolet spectra with the known compound. 
Attempted Preparation of l-Hydroxy-ll-(q~naphthyl)-21-oxa- .-----~ -- 
h~xacyclo ( 9~9,1, 12'6,112' 16, o1~' 22 ,o10' 
23) 
~ricosane (XVIJ-l • '"' To 
a solution of 2.09 g of 1-bromonaphthalene in 2 ml of an- 
hydrous ether was added 0.243 g of magnesium turnings. The 
mixture was heated to reflux and held at that temperature 
until almost all of the magnesium had reacted. At the end 
of four hours sufficient ether was added to bring the volume 
29 
to 8 ml. To 5 ml of anhydrous ether were added 0.0462 g 
of 1,8-naphthalylnaphthalene and 0.8 ml of the Grignard 
r@a.q@n'E. Th@ mbd:ur@ wag allow®d to react for twe Lve hours 
at room temperature and then heated to reflux and held for 
fifteen minutes. After cooling to room temperature, the 
mixture was poured into 10 ml of 10% sulfuric acid containing 
5 g of ice and well stirred. The ether layer was washed 
with 20 ml of 10% sulfuric acid and 20 ml of water, respec- 
tively, dried over anhydrous sodium sulfate, and chromato- 
graphed on silica gel using cyclohexane, and then chloroform 
as eluents. Evaporation of the solvent from three consecu- 
tive, strongest ultraviolet absorbing chloroform fractions 
afforded 0.0102 g of brown solid. Thin layer chromatograms 
(ethanol) of each of the fractions showed only one spot at 
approximately the same Rf value, 0.62 ~ 0.04. 
All carbon, hydrogen, and nitrogen analyses were per- 
formed with a Hewlett-Packard Model 185 CHN Analyzer. This 
method involves combustion of the sample at 800°C and measure- 
ment of the resulting co2, H2o, and N2 with a vapor phase 
chromatograph. 
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